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(54) mwozm jEE«^x^©isifi^fe 

(57) [KM] 

551c: »t 5 J&i&tflit O ff b o $ K i jfc-f- 5 ffi*je»© tf 
fiECPZT [Mx.fi. Pb (Zr 0 . 6Tio-4) 3 <DW)M 

\£Wm&Mf&Lfcmn,m : ¥-\zt3\,*x , pzt© tio 

0] *[£k [0 10] *rfi]Xf± [0 0 1] *(fijdsm@ffi 

fee 



3b 



/ / / , 


/////// 




\ [100]^lq] 
\X£ [010]7J|q| 
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(2) 



x, 

<u!EPZTf4, *:Z.\z-£%h,%>Z riTi jJSgifiKliai^ 
■C. -t© [1 0 0] *l6l, [0 10]*|»IXI±[0 0 

i»*«2] pzt tmM*ffiZ-izizmm : ?-x*&o 

Xy 10 

^co [ooi] jjMmszn,mmz.m$m\B.ktez>£o 

[|f*«3] tfiKPZTIC, Ba, Sr, La, B 
i, Mg, W, Nb, Z n©5 V>£< tt>— O^JB 
Six-Ci/^r.i:SrW»4:i-5» 1 X»4 2 fcKtf© 

[»3ft«4] *i^SS«w±*»c (1 0 0) (0 
1 0) ®X»4 (0 0 1) ffiKl6]L-fcTiffi&«JlS:ricJB& 20 

j*L.fcfK r©PZTJR&ftiB$*-5r.£fc:.fc3, 
[10 0] [0 1 0] * [0 0 1] jjfttf 

[ft*«5] *^f B s«w±^{c (0 0 1) ffiiaisiu 

ri:{c:4 9, [0 0 1] *|pj^T»^JHJl©*ffii: 

[0001] 

[«M©JRf-5ft«»if] *38Wtt, JEfctmi UTP 
ZTSrffl^fc^-feV-y-^ffi^T^ 1 ?-^^-^, jf'f-)' 
i • • T?±X • (DRAM) f© 

[0 0 0 2] 

k (jsmtt) *m^^xm.?i-±^-t*?E.n,T ? 

[0003] PZT [=Pb (ZrxTii-x) 03:^ 
^V&fvvWaVgflS] (4. EESWi|S|-eD5*>t%Jfc$&aW so 




^^Jim^^^LT^-So PZTf4 < Pb, Zr, T 

[0 0 0 4] ^5li^*i^T[4, PZTCSE-l^ 

©tB^Ej 1 ^ (Morphotropic Phase Boundary ; £i,Ts MP 
BiEi") ttiE£fc*:R«^PZT&«*S3*, 
*#-r [111] *iSil::teftElnJ$*5wi:*s 

£>ST*&5i:$*l,T^fc 0 i"**>*>, PZT(4, Hit 
^tPb (ZrxTii-x) 0 3 ^©W^^5J:5 
(C. *JB.t?tt» ZrtTi ©Hj*Jtt J:oTjE*ftt* 

Sfcftlctt, C©jE*fti«ffifl£fi©*iflt* (MPB) 
tPZTSrilf^-C^fc. PZTtt [1 1 1] 

*|6J (£J(Tt-*J^T(4, r<D*[6jSrZtt*[S]i:^5r £ 

«>tC(4i^^<D*|6]dsm®ffiifiEtc^5«t5t [1 
1 1] *iS»cjefiBi^$*5iK.S*s«>5i:**.e>*vCif^ 

fc<£>T% [111] gaisiSr#5fc», pzTw^^garS] 

ttSrXE-f-STifi&JRJl cD*ffi£ (1 1 

1) itU *©T»£IlJl±fc7l&J«;Sn<5PZT©fi 
ffcifc# JE^ift £ *iE#*©ffi9Sfff«]-iet 5 4 5 KHM» 

[0 00 5] 

i&m&tmvx? t-rzwum] L-a»u pzt©^ 

4 •) * # 4 P Z T © IS f§# * ft «b *fC ^ 3 „ 

[0 0 0 6] tt*©PZTtt, *<omj$.&JEJj& 

t *ffifl£*Offl*ff ftififc 4 5 4 5 KTfcjfc $ ix-C V ^<D 

[0 0 0 7] *^l^(4i?±© : ee5l5^J©j>:,^{C^T4$ 

tvfct>OT?fo9 , -twiWti-str^fi, pztM 
i^/tffi«*-T-U:*$<^T, P Z T©£E«3tSfe*rtt3fc J: 9 * 

tf o # 6 Ss-t- 5 ffiWJSft© tf b o # §r 4 < -T d i M 
[000 8] 

[*W<0H^1 ii*^ 1 lc!E«©JEffl;*^-f4. p z T t 
m^^mx.tcS.m.m^Xh'oX. tulEPZT(4, ^Zlz 
<S±tlZ>Z riT i;P£n£&^TttBB{t&&ttSiej& 
tkco^ny^^;^ h-WI^T-fooT, [10 0] 

[6], [0 10] ^(*]X(4 [0 0 1] *f6]*SB5IS«filB5t 
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3 

[0 0 0 9] WA\ZtS\,^xmffi&&tt£Z>m.l8t.frhl£Z> 
PZTI1 ^p^A^ Vm^.<0 [10 0] , [0 1 

o] xn [ooi] ^fSj^v^-ftu^w^^w^jat?^^ 

Efa*ft© v-f H^milB £ (ilfSS t * 5 i o 
ftEfil$**Ui» [ill] Eft^ffaSrlMtgEK: 

£ (efts, r<D«t 5&P ZTSrffll/^r 
^ir^^BEIlT^f DRAM^cDJESHi 
*<D%f>&* x 9 n < 1"S r. £ *S"C# So 

[0 0 10] L*»t>, *B5fl£*4:i-ixff, I^^t^E 
fls*©»iMMiSrfflt^fc«*© P Z T(D J: 5 Hfflj«©^ 

[0011] m 2 fc1E«©ffi*itf ^-tt» PZTtl 

4H-5Z riT i ^a{cfcl/>TE*ft £ fcSffi/fcJfccD 
^d^a^ MSi-efeot, -5-co [ooi] *-|6]^flfr 
IHMEi6fcl2l*Sft £ 4 S J: 5 leJ&fl.ElS] LTVS r. £ 

[0012] lEX&m&Ln^v?**^ vm^m-r^ 

PZTm [oo i] *fr-c*J±m£$^A*teftsr. 
ti^H^tio iot, ^co [00 1] #|pj#«ffiffifc: 
»3tf*fitt£*3J:5K:i!*SEffl£-fr;h,fi» tt^fa (o 

«ffiffifc:fiJSfc#i*j) T-t4t£5l?©PZT£ 
#*ffi«t»Sr#f 5i £k:*5. :©J:34PZTS: 

D R AM^Offim^^-co^ti^ X 9l!<t5rtm 

[0013] tsbiz, m^m3^mm.<Dmmmma. n 

*^lXH2|S«fccDJEm^f-*5^T, BufEPZTl^ 
Ba, Sr, La, B i, Mg, W, Nb, Zn©H 
£ h—o&W*1m£tlX\<^Z>^k%!&m.k LTV 

[0014] r©0gj£f&&©.fc 5le, pztu:, Ba, 

Sr, La, B i, Mg, W, Nb, Z n © VT *t#>© 

mim®*MJtz> z tic x y> , is p ztcw 

[0 0 15] W#JJUfcEt^;/tffi«*T-©JHJt:fras 

w^mm<o±^i l z (ioo) i, (oio) ix 
t± (ooi) m&faLftTm&mm*i&ti&L. z<orm 

OPZTit*r»tt**5itKJ:9, ^© [100] * 
ft, [0 1 0] ^(S]X(4 [0 0 1 ] ^fa^Tiffi&SJI© 
mmt iili'Stt £ 4 5 X 5 te^Efa S«:iS:«l 
£ LT^So 
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4 



[0 0 16] ro*IJS*fe»cJ:^tf, »*JB1HE*L 

Oft»4 P Z TR«r#3 r £ So 
[0017] 5 KEtt LfcJEm^^-roMJt^?* 

(4. l|l«MfiC±*l: (0 0 1) ffiEfSlLfcT^JH 
JiSrriaitU r«Tlfe^«Sco±tciE^^»^OPZT 
m&J&l$.Ltz'&. Z<DPZTm&8tf&£-&ZZ bKX 
<Q S t<D [00 1] jjfa&TM&!&m<0&fck&&mW. 
£ &S J; 5 KSgfTsEfa $*£::£&#$!£ LTV5„ 
io [0 0 18] r«>»3ft*jSfe»c:J:ixtf. tt#*2li:iettL- 
/tff«*T-Sr«3t-f5ii:*s-C*» Ld>fc, &£Effltt 
©£#fc P Z TJBS£#5 r £ So 
[0 0 19] 

i&womMnmm] (&wcomm pzt [=Pb 

(Z r X T i i-x) O3] ©2 0©igi63R (IE**, SB 

i«VJBEm^Sr#Sfc*tc»4, t£*©)£Ift©J; 5 le 
jE*fti«ffi*ft©ti»|?. (mp b) ftiff©ilB/fc-c [1 
i i ] Er^i £1-3 4 9 t>, MMhiofidt-e- 5 *^:** 

20 -f M*i£© [l 0 0] EiRk [0 1 0] Mtfcli [0 

oi] Efafc-r3#as*fc**fcffi<jes$:4*e>ixaw 

36© [0 0 1] E(fi]»-LTt>. «*J:!>*#fcBE*j£* 

10 0 2 0] 1~tet>h. PZT<DiB^(DHtZrtT 
i©ffijsKi:k§r, ^ta-C^®#:Si:/iSffi^tS«c (BIl# 
fl8) (-IBSliL, «Bfe^J:9*ffifrfttai//^ci^* 
-f h«5t<75PZT$rttfiK1-ix«, PZTIitlll]* 

JEEm^icfi [100] , [o i 
30 o] x& [ooi] jjfaxmxktezzh&ftfr^fr,, 
[0 0 2 1] ^WfliKfciAfca^TfcSixfcfc© 
T'fcoT, JEr©»l ©I^Jfe^tciSJEm^l El 

^t5PZT2»r, [100] [0 10] * 

faXt± [0 0 1] *-|fil*s®®3 a, 3 bcO*B(r^J"LT 

isi^ll t * s <fc 5 t-feSErfi] $ *fct <o -cfe s. 

[0 0 2 2] Sfc, PZTroM©9*>Z r i T i 
^Jt$r, #JlTjE*fti:*5fi*«« ffll#i) 
§5}L, ttiB^iQjE^fi^SA/^n^*^ h«5g© 
40 PZT^Sfgt^i, [111] *|Sltg|g^ffit5 

^ x mmfemi-t loon *i6n?**t4sciiw 
[0023] *&m<o$&2<D%iimm\z.£z>mnm=f-4: 

PZT55;, ^CO [00 1] Jjfa)frW,M3 a , 3b®S 

Bleat lt (5i?fiia 1 4s x o izfe&mfa t co-t- 

[0 0 2 4] ^IgPjOffimiST-tCttUi, 4#SiJ*ffi«tt 
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(4) 



^Mf^l-Sr i/i5x*#5o JMfcWfctt, [1 1 1] * 
IIMIWWP Z TUlfcVT [ 1 0 0] #|6k [01 

o] *i6ixr± [0 0 1] ^laioflEajtiBcSrfiJffl-fs*^ 

fSFfcfc!?, jE*fi»fiitOPZT»J:*SV^T [001] 

ifcigcUT2. 2 7ffiF£*S. 
[0 0 2 5] (SS&tttfcK) oft, *l§BJ<OSI^W« io 

«i(cov^xSiK-t-5o 01 t^UfcJ; 5^P ZT©ffiia 

(4<t <*af>tb-C*Dt) [0iJ;ttt\ B.Jaffe, W. J. Cook and 
J. Jaffe: Piezoelectric Ceramics (Academic Press, L 
ondon, 1971) ] , PZTfi, WHM.T?\-i£Jj&7fc1ffifi& 
tBSr*i-*s» Mit^T^o-CllHaKiftSl:, ZrtTi 

CO, tfiRtfP T [=PbTi0 3 ;W VgSlS*] *2 6 0 
% (x = 0.4) OPZTI43E**PZT#fftttSr* 
U Zry^fiO, tfiJxJiPT/JM 0% (x = 0. 20 
6) COP Z TttlIMP Z T*5ff«tt$:^t, 
[0 0 2 6] SS^feP ZTO'Jp^*^ h 

JSLfdfc^P bJ^T-Sr, j|H»JtLfc»*sz r Xf±T i CO 
Mftjjft (o*5 % ScfrfiJR© [111] 2rifijfci?) t* 



[100] m [010] ^fcitf [001] *|£] 

Ttt, a5ffifl£fi»-Ct>iE*S3Rl?'b, [10 0] 
[0 10] *|Sl*if©»fttt*|6iH:, H4&£d>£> t># 

[0 0 2 7] jE*fiPZTC<n^A>f hflfit 

ifi, 0 5fw*-rJ:5*iefi«3fCfoo-C, «HF*s [0 
0 1] *[6]^>L®U?TVT, [0 0 l] ^facote^ 
*ci6$ [10 0] #Gl*5J:tf [0 1 0] jj[Zl<D&+fem 
a, b (a=b) tI4ot^5. 

[0 0 2 8] JeiT-eco»^co g 6*3(4, ±IEC0 X 5 «Si 
tWa^n:/;*;!/^ M»5gCDP ZTiE^S^n^ 

[0 0 2 9] Sf, P Z T©*gAfc«# hAO E 

*= (Ei. E 2 , E 3 ) SrTOnLfct^^DSPZTCO 

(^ h/v-) &£*= (t 1. £2. £ 3) k-t&i:* 
rcoM^-£*(4, ffi«3©R©fT?iJd*= {dij} «rffll/> 
t, ofco (1) sc©J:5fc**>*n5. 

^Ei, E 2 , E3»fi*J*»£i, £ 2 . £3*ffim*£gC 
C0-v h y ^*/&#dij ( i , j=l. 2, 3) tt\ ffiE 
©B:S5ffiai»lJ:*jit5ffiflMftXi, X 2 , X 3 ©*i6]tc*j 

[0 0 3 0] 



21 



31 



12 



22 



32 



[»1] 



13 



23 



33 



V 



*2 



3 y 



[0 0 3 1] ffittfbWfcfcifc 5*1*1 £f±, PZTfc 
TOD LfcH#E*i ¥fT*#l6jfc*5l* S£*jft# £ //t 
^<Dmn(O^^Et<Dtt [ (£//) /E] fc* 

©S^f&frtti: £ 3T'fo^^b, «^©TOP*l^»C*5lt 

5^/ifc#i:m#co8i$coJt m^TOP^fS] 
[0032] :;-e, ft«*(S]©H^E*^#^?> 1 1 



••(1) 

t>t-» ffi«ttX 3 '*smffE*©*Sli:— SL, t£©E5c 

ffiStti (Xi, x 2 . x 3 ) twM&m-t* 

m^nm&mwM v&mm (xr, x 2 ', x 3 ') 

{dij} &tfm#E*©M#tt, *ffcfc««3Rfc*$v*-C 
40 t±, o#*co (2) 5^©J; 5 l-*^>$K5o 
[0 0 3 3] 
[ffC2] 
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"(2) 



[0 0 3 4] Cldf, (') (i. 3i?rfc&Mffi55& 

t*5lt5^t'fc5r t?r^LT^5„ (2) 3tJ:^ 

*h£u£# d 33 ©«*3e«ISr#*.T*^:©MA^» d 33 ' 













r 




11 

f 




12 

f 




13 

r 




21 

r 




22 
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if 


23 

r 




31 


d 


32 


<i 


33 



= A 



[0 0 3 7] ^mtT?lJA= {Aij} *Jj:tfN = 

{Nij} n, &©ffyu (4) , (5) -cjg*£ii,3. ; 

r-C, (ei, e2, e 3 } \±5z<D®M3k (Xi, X2, 
X 3 ) fcfcttSSJg^ H/K (ef, e 2 ', e 3 '} 
tt*rLl^ffi«UR (Xi. X 2 . X 3 ) K&nz&m,**.? V 
Wfect, 0fl*.ff, ei - e 2 ' ttffi«ttXlfcffi«|lt 



: [00 3 5] *rU\ffi«3Rfc:*JI*5ffi*Jfc#d = { d i j 
'} fi, £SWt*UA = {Aij} &tfN = {Nij} Srffll^ 
T5c©ffi«3RJc*s»t«flE«^«d= {dij} 

cd (3) ^T**fe$n^>o :r-e, *«©ss^ t ttten 

[0 0 3 6] 
[*3] 



"(3) 

(5) -efflV>b*uT^5IB-§-a ijfi^-r-f 7^^3t^Sr 

[0 0 3 8] 
[1*4] 
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12 
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(3 
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d 


21 
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22 


d 


23 
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31 
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32 
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33 
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A = 



e r e t 



e r e 2 



(4) 



[0 0 3 9] 



[»5] 
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(6) 



10 



-} 


On 




a i2 fl 13 






< 






«22 a 23 


a 21 a 23 


a 21 a 22 




< 




«32«J3 


*3i a 33 


a n a 3i 


2o 2 ,a 3) 


2 «Z2«32 


2a 23 a 33 


°22«33 +a 23°32 


a 21 a 33 +t7 23«31 


a 2 l a 32 +a 22 a 


2 *1!«3I 


2a n a i2 


2a 13 a 33 


<j l2 a 33 +o 13 « 32 


a ii a 33 +C3! l3 a 3l 




2a„a 2l 






a U a 2i + «I3°22 


a n a 23 +a I3 a 2I 


°li a 22 +a i2 a 



N = 



• "(5) 

[0 0 4 0] rroff3SSrHtTUT^S<D^(6jtc:*>»t5JE «» * «J£» d 33 , d 31 , d 15 coffi5r^'t- (ff«3£IROttO^ 

M/^^J*^f±0-Cfc5ii-5) o *1, *2f4 N M.J. 
Haun, E. Furman, S. J. Jang and L. E. Cross: Ferroelectr 
ics, 99(1989)63l£»«g$;h,T^5^— ^Sr^-CfHSE 

[0 0 4 1 ] 
1*1] 



Tl-fctfS^ffitfcfFaP ZT 6 0/4 0 [0*19, Pb 
(Zr 0 .6Tio-4) 1 ^ffS^td 33 , d 2 2. d 31 , d 

o 112(4, ^m#Tlcfc(t?,iE*^PZT4 
0/6 0 Pb (Zr 0 .4Tio-6) O3] ©E * 



d 33 (pC/N) 


d 22 (pCVN) 


d 3 , (pC/N) 


d ls (pC/N) 


70.8 


75.2 


-11.3 


359.9 



[0 0 4 2] 



* * [*2] 



d as (pC/N) 


d 31 (pC/N) 


d 15 (pC/N) 


162.0 


-58.9 


169.0 



[0 0 4 3] 3 ^7C^raT[Hltei-S i: , L 

fc*rfc*ffi«fc (Xi'« X 2 ', X3') fc*5rt*ffi« 

«©ffi*»SrK9Ji-Sfc«>©y y v- a lE-§-»4«8&-r 5 ) 
f4, ±IS (3) SCi:«lXf4*2d»?)fHI**b5. 
[0 0 4 4] Sffi^BP Z T 6 0/4 OJc^i-^^S: 30 
1216 (a) (b) iZTjkTo me (a) ttffi«3t»d 3 3© 
*Sft*lfiltfe#i*Sr3?k7C*^U^:'bO, 13 6 (b) (4121 
6 (a) <D3&7E«^£:YZ¥ffiT*#s/ h LfcWffi-Cfc 
5„ 4*5, Ztt»4e«^tt©*|^|-efc5 [111]* 
[6], X«l4PZT©«BiSI4*lRl. YttttZW&U* 
Xtitilii^iiitfeot^ ffiWJS-fSir^ia^ioi 
£ t <D M © Sggf (4 , M 3 # rS] (C *J 5 JEE «5tifc d 33 
©I?:SfoLt^5, [1 1 1] (E16<OZ 

$4) -C<DjE«SiScd 3 3(4, 0 6 (a) ©3ft5c**tZ 
iiO^lrfefcO, *> J: 5 i*3&5t^*<£>[ID^(c&o 40 
TI^S. r.^tC>EtL, HI6 (b) (C4;ft,(4, Ztt*»fc5 
6.7° ^^fc*(6]T*iim^®Cd33/i ; *^:ffi [=189 
X 1 0-12C/N] iioTl^. :Offi£td 3 3^ 

Ml;iiSlMPZTW [10 

0] #[6], [0 10] *|5l, [00 1] *|6l*»?>2* f 

ntt^AS, Hffliti^H-?^ [10 0] gerfi], [0 1 
0] 12(6], [001] Bi6ifcS#x.-cra]Bfcv\, 
[0 0 4 5] lE^fsP Z T 4 0/6 0JCj^LT#bixfc 
^m^lH7(C/T:i- 0 12] 7 (a) ^E^bI P Z T 4 0 / 6 

0 ooj±m^:P: d 33©*£fs;'yn ! nf£i¥ , i*Sr 3 &5E*?f Ltch *° 



©T'fe!), 1217 (b) {41217 (a) (D3?>c5t;^5r (0 
1 0) mX'iJ y V LfcUrlSr^t. EfrfiP Z T"Cf±. 
Z*4>b5 1. 3° [0 0 1] *[6]Ti±li5tS5cd 

33^*^:fit [=162X1 0 _12 C/N] i)ioTiJ 

^(4 9 [111] *[S]T*©JEm^fcd 33 J; 9 t>±#4{it 

[0 0 4 6] ItoT. *#J5cE«3e*Sr*i-5PZTS: 

4*(6]ro) [100] m [0 1 0] *[p]4fc(4 [0 
0 1] *|t]^m«lffii:»5^fiiti:45J;5fcB2|6]$-&^ 
(4, «*©3tti£v\E«^&#-t-5ffi«*^-#»e> 

(5i*f B -<n/^^^ hflfif©#ffi4*(6lO) [0 
0 1] *fa^S1iffi<H3:l£aB£&5 4 5(-&ft£*ft 

t4\ tse*o2««±©ffimjefc*:*i-«ffi««T-!jsi»e> 

[0 0 4 7] (ffi«*-¥-©«t3e*jfe) ±B©«t5 
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~ (d) ^.t^tft^j-f-s, ^Ttt, m&ftM>mf$.<D p z 

-*5 0 138 (a) S i mfocD £ o KWti 

f B St£ (i«§iSISl£©^ffifcj2, S i0 2 ©J:5*:ift 

T iJg£7£ffM1-3 0 r^T% *SilSS6iL-C (1 

oo) is, (o i o) SKXtt (oo i) Sfffrjsi" 

5r ttdj;"?, [ioi]m [0 10] 
[0 0 1] #|n];&s^ji&i&£&6©^ffii:ftE&#ft£|6] 

[0 0 4 81 ol/>T\ 1218 (b) (c^-f-J: C1©T 
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